  Abbreviations, acronyms & symbols   
  ----------------------------------- ------------------------------------------
  RCA                                 Right coronary artery
  MDR                                 Multisite diseased right coronary artery
  CCR                                 Complete RCA revascularisation
  CBF                                 Coronary blood flow
  CRTG                                Coronaro-coronary reverse T grafting
  ICB                                 Intracoronary bridge
  IRTG                                In situ reverse T grafting
  ITA                                 Internal thoracic artery
  IVS                                 Interventricular septum
  LAD                                 Left anterior descending artery
  LITA                                Left internal thoracic artery
  MI                                  Myocardial infarction
  RA                                  Radial artery
  RITA                                Right internal thoracic artery

INTRODUCTION
============

The right coronary artery (RCA) is an important provider of collateral flow to the left coronary system and interventricular septum (IVS)^\[[@r01],[@r02]\]^. In the setting of a multisite diseased right coronary artery (MDR), surgical revascularization is generally confined to its inferoposterior branches. We report on a new approach, attempted at complete arterial revascularization of RCA (CRR) in selected patients. These techniques enable us to achieve double inflow all arterial revascularizations using two arterial composite grafts at their utmost technical aspect.

METHODS
=======

This study was approved by our institutional ethics committee, and written informed consent was obtained from each patient. This approach is based on constructing a reverse T composite arterial graft placed between the RCA targets along with complete left-sided arterial revascularization. Arterial revascularization is performed using left internal thoracic artery (LITA); right internal thoracic artery (RITA), or radial artery (RA). Bicaval venous cannulation in view of optimal integrated myocardial protection, cold blood intermittent anteroretrograde cardioplegia, mild systemic hypothermia, and peri- and postoperative tight glycemia control were used systematically.

An intracoronary bridge (ICB) is constructed between the RCA targets using a segment of free arterial graft ([Figure 1A](#f01){ref-type="fig"}-[D](#f01){ref-type="fig"}). Preprocedural measuring of the grafts\' length and ICB on a fully beating heart avoids pitfalls in its final layout; thereby preventing kinking/angulation. An anterolateral or acute marginal branch can be bypassed directly (diameter \> 1 mm) or indirectly through RCA segments giving them take-off ([Figure 1C](#f01){ref-type="fig"}). Then ICB is connected to an arterial inflow according to two distinct modes, the choice of which depends on final layouts for left- and right-sided revascularizations in line with availability of the arterial grafts:

![The examples of a right-sided intracoronary bridge. A-I: severe three vessel CAD with an occluded LAD. A-II: Diffuse MDR involving an anterolateral branch (the dashed arrow). A-III: ICB placed between the anterolateral branch and distal RCA. \[ICB: radial artery; Inflow mode: IRTG with in situ RITA, see Fig. 2A\]. B-I: Left coronary branches with diffuse LAD disease. B-II: a MDR. The dashed arrows show a second anterolateral and acute marginal branches arising from the RCA segment between the two stenoses. B-III: ICB placed between mid and distal RCA. \[ICB: radial artery; Inflow mode: ITRG with in situ RITA\]. C-I: LAD is nearly occluded; the distal segment of a dominant RCA is filled retrogradely (arrow). C-II: an occluded MDR, a second anterolateral and acute marginal branches are detected (dashed arrows). C-3: ICB providing 3 distal anastomoses. The distal anastomoses for second anterolateral and acute marginal branches are placed on the corresponding RCA segments. \[ICB: radial artery; Inflow mode: IRTG with in situ RITA\]. D-I: the arrow shows the left posterolateral branch; LAD is occluded. D-II: arrow shows an intrastent stenosis placed in mid RCA.D-III: ICB placed between PDA and left posterolateral branch \[ICB: free-LITA; inflow mode: CRTG with free RITA; see Fig. 2B\]](rbccv-29-04-0657-g01){#f01}

1\) In-situ reverse T grafting (IRTG) using RITA ([Figure 2A](#f02){ref-type="fig"}).

![The arterial Inflow modes by in situ RITA (IRTG) and coronaro-coronary grafting (CRTG). A-I: operative view of an ITRG with in situ RITA. A-II: postoperative CT angiography showing the arterial inflow (arrow) and ICB (dashed arrow). A-III: the postoperative CT-angiography of the left-sided composite arterial graft (endarterctomized LAD with extensive arterial roofing). B-I: operative view of CRTG: arrows and dashed arrows show the arterial inflow and ICB respectively. BII: postoperative CT angiography of CRTG. The head of arrow shows the native RCA with in-stent stenosis. The arrow displays the arterial inflow and ICB at the level of their composite anastomosis. B-III: operative view and postoperative control of the left-sided composite arterial graft. C-I: preoperative coronary angiography displaying an occluded RCA and LAD in a patient with three vessel disease. The arrows show an acute marginal branch and distal RCA. C-II: the post-operative CT angiography showing the patent CRTG (arrow: arterial inflow; dashed arrow: ICB). \[ICB: free LITA; Inflow mode: CRTG using radial artery\].](rbccv-29-04-0657-g02){#f02}

2\) Coronaro-coronary reverse T grafting (CRTG) ([Figures 2B](#f02){ref-type="fig"} and [2C](#f02){ref-type="fig"}).

Eight patients with a mean age of 57.13 9.7 years old (female 25%; mean logistic Euroscore: 5.2±5.6%; elective: 75%; mean preoperative left ventricle ejection fraction (LVEF): 45.71±9.32%; diabetes mellitus: 75%) underwent CRR as a part of complete arterial revascularization. 75% of patients had a three vessel or left main disease and had a history of recent myocardial infarction (MI). Two patients underwent previous PTCA with intracoronary stenting (mean stent per patient: 4). An occluded LAD and RCA were noticed in 50% of patients, and RCA was dominant in 6 patients.

RESULTS
=======

The mean number of total arterial anastomoses (distal/composite/proximal coronary-coronary) was 7±1.5 per patient. The mean numbers of distal and CRR anastomoses were 4.88± 1.26 and 2.25±0.463 per patient respectively. Double internal thoracic arteries (ITAs) and RA were used in 75 and 62.5% of the patients. Six patients had right- and left-sided double composite arterial grafting. CRR was performed as IRTG in 5 and as CRTG in the remaining patients. An ICB was constructed using a segment of RA in 5 patients or ITA in the rest. An anterolateral or acute marginal branch was revascularized in 6 patients directly or via their supporting RCA segment (4 patients).

Fifty percent of patients required extensive LAD reconstruction (endarterctomy, arterial roofing, and On-Lay anastomosis). Two patients needed concomitant releasing of a muscle bridge on LAD (\>3 cm). The mean pump and ischemic times were 257±47.7 and 180±47.3 minutes respectively. None of the patients suffered perioperative MI, nor required mechanical/inotropic cardiocirculatory support. 87.5% of patients were extubated within the first 24 hours postoperatively and the mean time of ICU stay was 3.1±1.5 days. None of the patients suffered major cardiocerebral adverse events except one with resolving postoperative neurocognitive dysfunction (preoperative strokes with carotid stenting). The mean LVEF at discharge was 45.71±3.45%. All patients underwent noninvasive coronary imaging within the first four months postoperatively displaying an early patency rate of 100% for the grafts and distal anastomoses.

DISCUSSION
==========

A double inflow feature of coronary arterial system confers RCA the role of a main provider for collateral flow with regards to the left coronary system and IVS; thereby, federating a salient backup in regulations of coronary blood flow (CBF)^\[[@r01],[@r02]\]^.

Restoring the collateral pathways and functional features of coronary circulation should render the aim of complete revascularization more attainable. Reaching a coronary reserve closer to the normal does support a better myocardial protection and enhances the ability of myocardium to meet an increased demand in CBF. Despite a myriad of all arterial bypassing techniques being successfully reported; yet, controversy exists regarding their functional capacity to restore an aortocoronary reserve close to that of a normal double inflow coronary system. A single inflow feature and increased vulnerability of the arterial grafts facing native competitive flow are still matters of debate^\[[@r03]-[@r05]\]^.

In the setting of coronary artery disease with MDR referred to surgical revascularization, bypassing the right coronary system is generally confined to its inferoposterior territory. An inadequate length of arterial grafts, a more complex layout required for sequential bypassing, a small size of an anterolateral or acute marginal branch to host for a distal anastomosis, and severe calcifications are technically the main limiting factors that could compromise graft\'s patency. In addition, the existence of a differential profile along RCA for native competitive flow (adversely affecting patency of the arterial grafts especially for coronary stenosis less than 90%) arouses the current reluctance for arterial CRR^\[[@r02]-[@r05]\]^.

From a technical point of view, using an ICB overcomes the aforementioned technical issues: ICB reduces the number of sequential bypassing, enhances technical flexibility in fashioning sequential anastomoses with proper angulations if required, and remedies the limiting length of arterial grafts. Performing the distal anastomosis on an intermediate segment of RCA supporting an anterolateral or acute marginal branch is an alternative in a case of unsuitable anatomy ([Figure 1C](#f01){ref-type="fig"}). It may be preferable to establish the final layout of ICB operatively, as the preoperative coronary angiography could lead to over- or underestimation of the total number of targets amenable to revascularization ([Figure 1](#f01){ref-type="fig"}).

Patients with compromising revascularization of LAD or distal RCA (poor runoff, extensive endarterectomy, and arterial reconstruction) incur an exceptionally high risk for perioperative myocardial infarction, therefore restoring some amount of the coronary collateral pathways as a \"backup\" sounds crucial. Diffuse coronary artery disease severely affects the epicardial arterial network that is in charge of optimizing the diastolic phase of CBF. The latter can be partly compensated for by using an arterial ICB, creating a new functional epicardial arterial network. Our results show a 100 % early patency rate for ICBs placed between different RCA branches with various degrees of stenosis, suggesting a better aptitude of ICB to face the native competitive flow. It can be speculated that ICB acts as a systolic redistributing circuit between the targets, thereby reducing the amount of systolic reversed flow in its arterial inflow.

Right-sided reverse T grafting should only be performed on carefully selected patients. If any doubts remain about the suitability of target sites for hosting a distal anastomosis, difficulty in dissection for RCA or its branches, and quality of arterial grafts, the patient should not be put on the risk side of the benefit/ risk ratio. It is definitively inadvisable to proceed with such a procedure using the unsuitable distal rest of arterial conduits.

Being technically more demanding with an increased ischemic time can be reproached. The increased ischemic time is related to a greater number of large arterial anastomoses that should be fashioned meticulously. In addition, 50% of patients in the current series needed extensive coronary arterial reconstruction. A safer pump run, meticulous cardioprotection encompassing a protocol for tight glycemic control, and the expected benefits of a double inflow complete revascularization do outweigh the foreseeable and inevitable reluctances^\[[@r01],[@r02]\]^. Bicaval cannulations with right atrial isolation were used in this series as part of integrative myocardial protection. By the time of heart displacement, kinking of vena cava increases venous pressures; therefore, selective drainage of vena cava provides additional organ protection, specially reducing the rate of neurologic and neurocognitive disorders. As the appropriate lengths of all grafts and ICB are measured pre-procedurally on loaded heart, its subsequent unloading with bicaval drainage does not induce errors in estimation. The absence of in-hospital mortality and occurrence of major adverse cardiocerebral events supports the aforementioned perioperative majors and the current techniques, recalling that best myocardial protection is provided by integrated revascularization.

So far, further functional investigations, a larger scale clinical series, and longer-term results are mandatory to support the advocated benefits of CRR using a composite arterial reverse T graft.
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